When spinach (Spinacia oleracea) chloroplast fragments were lyophilized and extracted with n-heptane, acid-bath phosphorylation was significantly reduced. Phosphorylation could be restored to these chloroplasts, if the extracted material (containing quinones, carotenoids, and other lipids) was added back to dry preparation before rehydration. The results reported suggest it was not quinones which were required for restoration of acid-bath phosphorylation but lipids. It is suggested that the lipids which were extracted by n-heptane serves as structural role in the thylakoid membrane.
Spinach chloroplast thylakoids are able to synthesize some ATP after a transition from acid to base in the dark (9) . Photo- synthetic electron transport appears not to be required for this synthesis (14). However, oxidation-reduction changes have been measured during pH transitions (11) . The carrier "Q" becomes more oxidized as the pH is lowered (6) , and the oxidation-reduction potential of quinones change with pH.
On the basis of the early observations, a hydrogen ion electrochemical activity gradient was postulated (7) to be the stored form of energy which supports phosphorylation in acid-bath (8) experiments. Electron transport is considered absent.
Anderson and McCarty (1) have discovered that acid-bath phosphorylation was unaffected by a complete depletion of the chloroplast electron carrier, plastocyanin. The question asked here was if the known pH induced oxidation-reduction potential shift of plastoquinone is required for acid-bath phosphorylation.
MATERIALS AND METHODS
Chloroplast Preparation. Chloroplasts and chloroplast fragments were prepared from market spinach (Spinacia oleracea) by a previously described differential centrifugation technique (12) . The isolation medium contained 0.8 M sucrose, 20 mm tricine, and 10 mM NaCl, pH 7.8. Chloroplasts were osmotically ruptured in 10 mM NaCl, and the resulting fragments were resuspended for freezing in distilled water containing 5 Chromatography. The n-heptane extracts were concentrated and streaked on Silica Gel H plates. The plates were developed in chloroform-heptane, 97:3 (v/v) as described previously (4) . The area of the chromatogram containing quinones or ,Bcarotene was scraped from the plates and dissolved in isooctane.
Acid-bath Phosphorylation. ATP synthesis following an acid to base pH shift was carried out as in a published procedure (13) , and esterified '3P-phosphate was assayed by the method of Avron (3) .
Chloroplast Volume Changes. Osmotically induced volume changes were assayed by changes in the hematocrit packed volume in response to various concentrations of sucrose (16).
Triglycerides and ft-carotene were from Sigma Chemical Co. and authentic plastoquinone-A was provided by HoffmanLa Roche and Co., Basle, Switzerland.
Chlorophyll concentration in isolated chloroplasts was determined by the method of Arnon (2).
RESULTS
When spinach chloroplast fragments were lyophilized and extracted with n-heptane, a component could be removed which reduced the extent of acid-bath phosphorylation reaction. Table I illustrates the relative amounts of ATP formed in either fresh or lyophilized chloroplast fragments. Of the ATP synthesized in fresh chloroplast 50 to 70% could be measured in lyophilized preparations. The phosphorylation reaction of lyophilized chloroplasts required ADP was inhibited by phosphorylation uncouplers and was not affected by electron transport inhibitors. In addition, bovine serum albumin was required during the lyophilization procedure, since in its Plant Physiol. Vol. 50, 1972 absence very little ATP synthesis could be measured (Table I) . A much smoother rehydration of lyophilized chloroplasts was always noted in the presence of bovine serum albumin. The results of two independent experiments are presented in Tables I to III in order to indicate usual variability.  Table II indicates extraction of lyophilized chloroplasts with n-heptane removed, a component from the thylakoid membranes which reduced the amount of acid-bath phosphorylation. ATP synthesis could be restored upon readdition of extracted lipid material to dry chloroplast preparation in an iso-octane solvent. The solvent alone had no effect on chloroplasts. A stimulation, or restoration of activity, of 50 to 70% could be observed when extract was added back. Figure 1 shows the relationship between the amount of acidbath phosphorylation which was restored with readdition of increasing amounts of the concentrated heptane extract. The lowest concentration added, 0.1 mg, yielded a large restoration of activity which could not be further increased by concentrations up to 2.5 mg; however, if concentrations of extract far in excess of the amount extracted were added, a further stimulation was always observed.
The membrane-extracted material was separated by thin layer chromatography on silica gel plates. After development of the chromatogram, two broad areas were removed; area 1 which included the quinone bands, and area 2 which was the /7-carotene region. If components of either of these bands Fresh chloroplast fragments; Q: lyophilized chloroplasts; O: lyophilized chloroplasts, extracted with n-heptane; *: lyophilized, nheptane-extracted chloroplasts plus 1 mg of extract; A: lyophilized, n-heptane-extracted chloroplasts plus 0.5 mg of trilinolenin; A: lyophilized, n-heptane-extracted chloroplasts plus 0.5 mg of plastoquinone A.
were concentrated and added to lyophilized chloroplasts in isooctane, a restoration of acid-bath phosphorylation could be observed (Table III) . A comparison of the amount of restoration by the bands containing quinones and carotenes was made to authentic samples of plastoquinone A and /3-carotene. No restoration of phosphorylation activity could be observed in nheptane-extracted chloroplasts when pure /3-carotene or plastoquinone A was added (Table III) . We were therefore forced to conclude that something other than these compounds was responsible for the observed restoration. At this time we learned of the work of Brand et al. (5), who suggested a lipid requirement for normal photosystem I electron transport in spinach chloroplasts. The required lipid was removed by nheptane extraction and chromatographed very near plastoquinone and /3-carotene on silica gel. Table IV shows the results of adding various known lipids to lyophilized, extracted chloroplast fragments. Triglycerides with 18 carbon fatty acids gave maximum restoration of acid-bath phosphorylation.
The function of triglycerides were most likely to restore the integrity of the membrane rather than serving an oxidationreduction role. A measure of chloroplast membrane integrity is osmotically induced volume change (16). We applied this test to lyophilized chloroplasts which had been extracted with heptane and to those to which the extract, plastoquinone, or trilinolenin had been added. Figure 2 shows 
